We evaluate flux vacua attractor equations in type IIA string theory compactified on generalized geometry with orientifold projection. This model provides N = 1 superpotential as a sum of the Ramond-Ramond superpotential and the one described by the (non)geometric flux charges. We demonstrate a single modulus model in which supersymmetric AdS and Minkowski solutions are classified by means of the discriminants of the two superpotentials. We further study various configurations without the Ramond-Ramond flux charges. We also find supersymmetric AdS vacua both in the case of compactifications on the generalized geometry with SU (3) × SU (3) structure, and on the manifold with SU (3)-structure without the nongeometric flux charges. Especially, in the latter case, we should introduce a correction into the prepotential of the special geometry in order to realize consistent vacua. This deformation is interpreted as the back reaction of the geometric fluxes onto the compactified geometry.
Introduction
String compactification scenario has been developed in the search of the real vacuum. This strategy has a long history. Heterotic string compactification on Calabi-Yau three-fold [1] gives the first remarkable success to find a supersymmetric Minkowski vacuum in four-dimensional effective gauge field theory.
However, this configuration is now no longer sufficient in attempt to look for a candidate the realistic physical vacuum in string theory; constant dilaton, vanishing B-field, flat Minkowski space, N = 1 supersymmetry, all these conditions are imposed just for simple analyses in compactifications. Once some of them are relaxed, immediately a rich structure emerges in the compactified space, which also affects on four-dimensional effective theory. In particular, the NS-NS three-form H-flux plays as a torsion on the six-dimensional compactified geometry with SU (3)-structure [2] . This geometry has been well investigated both in mathematics [3] and in string theory [4] . In particular, the Hitchin's generalized geometry [5, 6] furnishes a powerful technique in the investigation of four-dimensional N = 2 and N = 1 supergravity theories (see [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] and references therein).
We are interested in four-dimensional N = 2 effective theory and its reduced theories connected to the realistic four-dimensional model, since the N = 2 theory is dynamical and highly controllable by two moduli spaces; the special geometry and the quaternionic geometry [21] . Due to the existence of these two geometries, we can embed the four-dimensional N = 2 supergravity into the string theory compactified on Calabi-Yau geometry and its generalization (see, for instance, [22, 23] and references therein). In this procedure the four-dimensional objects such as the Kähler potentials and the superpotentials are derived from the prepotentials on the moduli spaces and the fluxes lying on the compactified geometry. The most generic forms of them are described by Graña, Louis and Waldram in the [9, 14] in the language of the Hitchin's generalized geometry with SU (3) × SU (3) structure and the Hitchin functions defined on it. Proceeding this remarkable result, Benmachiche and Grimm showed the consistent procedure of the truncation of supersymmetry from N = 2 to N = 1 via the orientifold projection on the generalized geometry [12] . The search of N = 1 theory on the parallelizable nilmanifolds and solvmanifolds as the generalized geometries with SU (3)-structure was analyzed in [13] . In [17] Cassani and Bilal carefully investigated the Kähler potential and superpotential in four-dimensional N = 1 supergravity, which is obtained from type IIA string compactified on the generalized geometry.
One of the aim of the flux compactification scenario is to realize consistent supersymmetric Anti de Sitter (AdS) vacua as well as Minkowski vacua in type II theory in the presence or absence of the Ramond-Ramond fluxes [?, [24] [25] [26] [27] [29] [30] [31] [32] [33] [34] [35] [36] [37] . In the search of such vacua the attractor mechanism has been well established. Actually the attractor mechanism has been developed in the analysis of the entropy of extremal (non-)BPS black holes in type II theory [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] . This mechanism is immediately applied to the search of flux vacua [49] [50] [51] [52] [53] [54] [55] [56] , since the functions and equations in both frameworks are quite similar: In the black hole attractors we focus on the black hole potential [41] , while in the flux vacua attractors we investigate the scalar potential in supergravity [49] . In both cases we investigate extremal points (called the attractor points) by evaluating the potentials built with the N = 1 superpotential.
Here let us briefly describe the scalar potential which we analyze. In N = 1 supergravity, the scalar potential is described in terms of the superpotential W and the Kähler potential K as
where D M is the Kähler covariant derivative with respect to complex scalar fields φ M as D M W ≡ (∂ M + ∂ M K)W. Note that φ M collectively denote all complex scalars in all chiral multiplets present in the N = 1 theory, and K M N = ∂ M ∂ N K(φ, φ) is the Kähler metric. The second term carries the D-term D α which belongs to the vector multiplets. The search of the attractor points is to find a point φ N = φ N * satisfying ∂V /∂φ N | * = 0. The benefit of this mechanism is that we do not have to understand the details of the compactified geometry; only the flux charges and a function (i.e., the prepotential on the special geometry as the moduli space of supergravity) determine all information of the attractors.
Considering the above arguments, we study the flux vacua attractor in type IIA theory compactified generalized geometry. The motivations and advantages are as follows: First, in type IIA theory the Calabi-Yau compactification with fluxes does not yield supersymmetric solutions caused by the back reaction of the fluxes onto the Calabi-Yau three-fold, while such a geometry provides the supersymmetry condition and the number of massless modes in four-dimensional effective theory via the Killing spinor equations. The fluxes modify such equations. However, the Killing spinor equations on the generalized geometry can contain any fluxes in a consistent form and we can discuss the four-dimensional supersymmetric effective theory derived from the geometrical information of the generalized geometry.
If we restrict the theory without the Ramond-Ramond flux charges, the model could also be interpreted to the one reduced from heterotic string theory. Furthermore, a certain configuration represents the Calabi-Yau compactification without fluxes, or the flux compactification on a torsionful manifold with SU (3)-structure. Second, the flux vacua attractors in type IIA theory can be investigated in a parallel way as the type IIA black hole attractors. We can import useful techniques from the black hole analysis. Third, we classify the supersymmetric vacua by means of the mathematical structure of the superpotential of N = 1 supergravity. This implies that the supersymmetric vacua are completely determined by the distributions of flux charges as far as we concern perturbation theory. Finally, the flux vacua attractors on generalized geometry yield the AdS vacua as well as the Minkowski vacua.
The cosmological constant is governed by the mathematical feature of the superpotential.
The organization of this paper is as follows. In section 2, we briefly review the basic tools which we apply to the attractor mechanism in four-dimensional effective supergravity reduced from tendimensional type IIA theory. first we introduce the ten-dimensional supersymmetry parameters, which are split into the four-dimensional supersymmetry parameters and the spinors on six-dimensional compactified geometry. By using the latter objects we define the Kähler potentials of special geometries, which should be identified with the ones governing the four-dimensional N = 2 supergravity. Then we truncate the supersymmetry from N = 2 to N = 1 via the orientifold projection. Here we follow the O6 orientifold projection of Calabi-Yau compactification. Finally we discuss the scalar potential and its derivatives in four-dimensional N = 1 supergravity. In section 3, we evaluate the derivatives of the scalar potential and we prepare a set of equations, called the attractor equations, to find a supersymmetric vacuum. In order to make the discussion clear, we restrict the forms of the prepotential which governs the superpotential in a simple form. In sections 4, 5, 6 and 7, we demonstrate applications of flux vacua attractors to various configurations: In section 4 we analyze a generic model in which the Ramond-Ramond flux charges as well as the (non)geometric flux charges are introduced. Then we move to the models in which the Ramond-Ramond flux charges are absent while the nongeometric flux charges are present (section 5), in which only the geometric flux charges are present without deformation of the prepotential (section 6), and in which the geometric flux charges and the deformation of the prepotential are turned on (section 7). Section 8 is devoted to the conclusion and discussions.
In appendix A we write down the first and the second derivatives of the Kähler potential in a generic configuration without imposing any simplifications on the prepotentials.
Basic information
In this section we prepare the basic tools which we apply to the attractor equations in later sections. Mainly we follow the notation and convention in [13, 14, 17, 23 ].
Supersymmetry parameters
In order to obtain eight and four supersymmetries, let us first decompose ten-dimensional supersymmetry parameters in type IIA theory in the following way:
Note that ε (≡ ε + ) is the Weyl fermion as the four-dimensional supersymmetry parameter satisfying ε c = ε * (= ε − ), while η 1,2 ± are the six-dimensional Weyl spinor parameters with (η 1,2 ± ) c = (η 1,2 ± ) * , which are interpreted as the Killing spinors on the compactified geometry. Further we introduce the scale parameters of the six-dimensional spinor parameters η 1,2 + as [13, 17] 
Notice that we define the chirality of ǫ 1 (ǫ 2 ) in type IIA is negative (positive) in the same way as [14, 17] .
For later convenience we introduce |a| 2 + |b| 2 = c + and |a| 2 − |b| 2 = c − . Without loss of generality we can set c + = 1.
Generalized geometry with SU(3) × SU(3) structure
We discuss functions in four-dimensional N = 2 and N = 1 supergravity theories, which are derived from type II string theory compactified on a generalized geometry M with SU (3) × SU (3) structure.
On this compactified geometry we can define two Spin(6, 6) spinors by the supersymmetry parameters in (2.1) [9] :
where B is a two-form and η i ± are Spin(6) spinors, and γ m is the Cliff(6) Dirac gamma matrix acting on η i ± . The Spin(6, 6) spinors Φ ± are pure when they are annihilated by the half number of the Cliff(6, 6) Dirac gamma matrices Γ Λ . Since the irreducible representation of the Spin(6, 6) spinor is Majorana-Weyl, one can assign that Φ + (Φ − ) is the Weyl spinor with positive (negative) chirality.
In addition, the two chiral spinor bundles are isomorphic to the space of the space of even and odd forms on the six-dimensional geometry. Then we can regard the above two Spin(6, 6) spinors Φ ± as the even and odd forms. Furthermore the spinors Φ ± on the geometry M are pure because they carry the same information of the two generalized almost complex structures on the generalized geometry via J ±ΛΣ = ReΦ ± , Γ ΛΣ ReΦ ± . Note that the bracket indicates the Mukai pairing, whose definition
where e I0 and m 0 I are the electric and the magnetic charges of the three-form flux H, while the other charges e aI and m a I belong to the torsion class on the SU (3)-structure manifold. The modified differential operator is defined as
Imposing the nilpotency of the differential operator d H fl , we obtain the relation among the geometric flux charges as 3
If the compactified geometry is extended to the generalized geometry with SU (3) × SU (3) structure, we should further introduce a set of charges p I A and q IA , called the nongeometric flux charges, which satisfy the following differential equations among the basis forms:
where ∼ means equality up to terms vanishing inside the Mukai pairing. The symbol D is the extension of the differential operator d H fl :
where f , Q and R are called the (non)geometric fluxes acting on a k-form C as
Then a differential form DC is interpreted as a sum of forms, called a polyform. Actually the fluxes Q and R are introduced in the doubled space formalism [58, 59] via the duality transformations in string theory in the presence of fluxes, while f can be assigned as the structure constant of the gauge group in gauged supergravity [60] . Imposing the nilpotency D 2 = 0, we obtain a set of relations among the (non)geometric flux charges:
Orientifold projections
It is necessary to introduce orientifold planes lying on the compactified space because of the tadpole cancellation, of avoiding the no-go theorem [61] and so forth 4 . Due to this projection the number of supersymmetry and the physical degrees of freedom are reduced in an appropriate way, i.e., the eight supersymmetry parameters are reduced to the four supersymmetry parameters, a hypermultiplet is split into two chiral multiplets, and a vector multiplets into a vector and a chiral multiplets, some 3 The cohomology of the SU (3)-structure manifold defines the topological indices such as the Dirac index, the Euler characteristics and the Hirzebruch signature [57] . 4 We do not analyze the Bianchi identities themselves in this paper. The detail discussions are, for instance, in [13, 15] .
of which are projected out. The O6 orientifold projection operator in type IIA theory is given by
where Ω WS , F L and σ are the worldsheet parity, the spacetime fermion number in the left-moving sector, and a spacetime involution, respectively. The orientifold projection affects on the parameters a and b as (see, for instance, [13, 23] )
where θ is an arbitrary phase parameter.
It is well known that the vector multiplets and the hypermultiplets in N = 2 supergravity are governed by the special Kähler geometry and the quaternionic geometry, respectively [21] . In type IIA theory compactified on the Calabi-Yau space, the former (latter) geometry is provided by the moduli spaces of the Kähler form (complex structure) and the truncation of physical spectrum is well investigated [23] . In the theory compactified on generalized geometry, such two geometries are given by the spaces of pure spinors M ± discussed in the previous subsection [12, 17] . Then it is instructive to review the truncation procedure of the physical degrees of freedom on Calabi-Yau geometry in order to apply it to the one on the generalized geometry.
N = 2 multiplets in type IIA on Calabi-Yau three-fold
Before the orientifold projection, there are various multiplets in four-dimensional N = 2 supergravity.
It is quite helpful to review the data of the compactification on Calabi-Yau three-fold in type IIA theory. The bosonic field content in four-dimensional N = 2 theory derived from type IIA supergravity compactified on Calabi-Yau is as in Table 1 . Let us briefly introduce the field content 5 : The fourgravity multiplet g µν , A 0 µ vector multiplets A a µ , t a = b a + iv a a = 1, . . . , h 1,1
tensor multiplet B µν , ϕ, ξ 0 , ξ 0 Table 1 : N = 2 spectrum of type IIA Calabi-Yau compactification before the orientifold projection.
dimensional metric, the dilaton, and the B-field are given by g µν , ϕ and B µν , the latter two fields belong to the tensor multiplet. A 0 µ is the graviphoton field reduced from the ten-dimensional Ramond-Ramond one-form potential. The real scalar fields b a and v a come from the B-field and the Kähler deformation of the metric, respectively. The vector fields A a µ are from the Ramond-Ramond threeform potential. The scalars z i are the deformation parameters of the complex structure. Finally, ξ I and ξ I are reduced from the Ramond-Ramond three-form potential. These scalar fields behave as inhomogeneous coordinates of the moduli spaces. They are given by the ten-dimensional fields expanded by the two series of basis forms on the internal geometry, i.e., the even-forms ω A , ω A and the odd-forms α I , β I on Calabi-Yau three-fold, given as follows:
18b)
where h 1,1 and h 2,1 are the dimensions of cohomology h 1,1 = dim H 1,1 (CY) and h 2,1 = dim H 2,1 (CY), respectively. The unity and the volume form are also included in the above basis forms as 1 ≡ ω 0 and vol 6 (CY) = ω 0 .
Calabi-Yau orientifold projections
Taking the supersymmetry truncation via the O6 orientifold projection, the supermultiplets in Table 1 are split and some of them projected out [23] 6 . The N = 1 spectrum after the projection is summarized in Table 2 . Here we adopted the convention in [17] , which is slightly different from the one in [12, 23] gravity multiplet g µν vector multiplets Aâ µâ = 1, . . . , h about, for instance, the normalization of ξ I . Actually, ξ I and ξ I are contained in U I and U I , which are called the chiral/linear multiplets. This is quite useful when we investigate the orientifold projections on the N = 2 supergravity on generalized geometry.
Type IIA theory compactified on generalized geometry
We start a concrete analysis of the four-dimensional supergravity compactified on the generalized geometry with SU (3) × SU (3) structure. Since we focus on the effective supergravity reduced from type IIA theory, we follow the notation and convention in [17] , where the details of this theory are well investigated. First we construct the Kähler potentials, the superpotential, and the D-term in the language of N = 2 theory, then we truncate the physical degrees of freedom via the O6 orientifold projection.
Functions before supersymmetry truncation
Here we introduce the superpotential, which plays a central role in the attractor mechanism. The superpotential is described in terms of the pure spinors Φ ± and the Kähler potentials K ± :
The derivation of the function can be seen in [9, 12, 17] . Here we also introduced the four-dimensional N = 1 Kähler potential K in terms of the four-dimensional dilaton ϕ as [12]
There is a relation among the ten-dimensional dilation φ, the Kähler potentials of the special Kähler geometries K ± , and the four-dimensional dilaton ϕ is defined in [17] as
Here we assumed that the ten-dimensional dilaton φ does not depend on the internal coordinates. This is from the definition of the four-dimensional dilaton ϕ:
or equivalently g µν = e −2ϕ g (10) µν ,
where g (10) µν and g µν are ten-and four-dimensional metrics, respectively. This relation is lead from the formulation of the Einstein-Hilbert action in both dimensional spacetime.
In the formulation of the superpotential (2.19) the Ramond-Ramond flux G is inserted with a democratic expression by means of the differential operator d H fl as
(2.23)
In the absence of localized source, G satisfies the Bianchi identity d H fl G = 0 in the same way as H. The sum of the usual modified field strengths appearing in ten-dimensional supergravity can be written as [9, 62] F even
24a)
with (d − H∧)F even = 0 .
(2.24b) This is just an ordinary expansion in the presence of the NS-NS three-form flux H. When we consider the compactification on generalized geometry, it seems natural to generalize the differential operator in (2.23) to the generalized one D defined in (2.13) . Then the expansion of the Ramond-Ramond field strength G is formally modified to
Expand the field strength G fl and the potential A in terms of the basis of forms as 7
where e RA and m A R are the electric and the magnetic charges of the Ramond-Ramond fluxes 8 . In the expansion of the Ramond-Ramond potential A, the fields ξ I and ξ I appear as the four-dimensional scalars. Then the total field strength G is arranged to the following way:
Substituting the above expansions into the superpotential W (2.19), we rewrite the function as
Note that C is called the compensator given by the ten-dimensional dilaton φ (or instead the fourdimensional dilaton ϕ with the Kähler potential K − ). This is introduced to gauge away the scale transformation of the pure spinor Φ − [17] . (Actually, the spaces of the pure spinors Φ ± are the special Kähler geometry of local type because of the rescaling "gauge" symmetry [13] .) Using the compensator C and the ten-dimensional dilaton φ, we rewrite the four-dimensional dilaton ϕ as
(2.29)
Go back to the analysis of the Ramond-Ramond fluxes in the superpotential. Using the extended differential operator D we rewrite the following object in terms of the basis forms and the flux charges:
For later convenience, and for the coincidence of the notation to the Calabi-Yau compactifications, we introduce the following combinations of the scalar fields:
Now let us perform the integral of the superpotential. The result is
This is the final expression in the language of N = 2 theory. Later we truncate the physical degrees of freedom and rewrite this function.
Here it is worth discussing the N = 2 Killing prepotentials P x , which will play a significant role in the derivation of the D-term in N = 1 theory. Here we briefly review it with following the works [9, 14, 17] . The Killing prepotentials appear in the supersymmetry variation of the fourdimensional gravitinos ψ Aµ (where A, B = 1, 2, denoting the label of N = 2 supersymmetry) as
where −(σ x ) A B with x = 1, 2, 3 are the SU (2) Pauli matrices, while ǫ AB is the SU (2) invariant metric, used to raise and lower the index A. The explicit forms of the Killing prepotentials P x in terms of the pure spinors Φ ± and the Ramond-Ramond forms using the generalized differential operator D are 
These functions P x A and P xA are inevitable to evaluate the D-term in N = 1 theory which appears after the supersymmetry truncation [17] .
Supersymmetry truncation: O6 orientifold projection
Here let us review the supersymmetry truncation from N = 2 to N = 1 via the introduction of O6 orientifold projection [17] . To preserve (the half) BPS condition, we set a = b e iθ as in (2.17) and project out some of the physical degrees of freedom as
where the index I = 0, 1, . . . , b − has been split as I = (Î,Ǐ). This implies that the N = 2 hypermultiplet in type IIA is decomposed into two N = 1 chiral multiplets with opposite spins. In addition, following the procedure of the Calabi-Yau orientifold projection in Table 1 and 2, the vector multiplets in N = 2 denoted by the index A = (0, a) are also truncated as
where N AB is the period matrix in the special geometry M + . Note that we can always set the graviphoton A 0 µ to be truncated. We split the index A = 0, 1, . . . , n v (where n v = b + ) asǍ = 0, 1, . . . , n ch andÂ = 1, . . . ,n v = n v − n ch (with restriction n v ≥ n ch ). This means that the N = 2 vector multiplets are decomposed into the N = 1 vector multiplets and the chiral multiplets with respective numbers n v , and some degrees of freedom are projected out in such a way as n v →n v in the vector multiplets, and as n v → n ch in the chiral multiplets. Imposing (2.36a) and (2.36b), we also reduce the expansion of the pure spinor Φ + as
Substituting them, we obtain the reduced functions:
Here we have substituted |a| 2 = |b| 2 = 1 2 as in subsection 2.1.
Now we are also ready to consider the D-term, which comes from the N = 1 vector multiplets.
The D-term itself appears in the supersymmetry variation of the gaugino λÂ in such a way as [17, 63] 
The D-term DÂ is based on the Killing prepotentials and the knowledge of the special Kähler geometry [17] . We barely analyze in terms of the indices before the supersymmetry truncation. We start from the following set of equations:
It is convenient to refer the identities on the special Kähler geometry:
where D c = ∂ c + ∂ c K + is the Kähler covariant derivative with respect to the local coordinates t a . More details on the special Kähler geometry can be seen, for instance, in [17, 21, 23] . Substituting them into the equations (2.39), we obtain the formal expression of the D-term D A in the N = 2 language:
where we used C = 4ab e K − 2 −ϕ in (2.28b), P x A and P xA in (2.35). Substituting the truncation rules (2.36a) and (2.36b) into (2.41) with setting D A → DÂ, we obtain the D-term in N = 1 theory as
We should notice that the D-term (2.42) is complex because of the existence of a (anti-)holomorphic function NBĈ. This also appears in [21, 64, 65] . This situation generically occurs when the complex forms of the flux variables are turned on. Then we should carefully define the scalar potential from this D-term. We also substituted c − = |a| 2 − |b| 2 = 0 imposed by the O6 orientifold projection [17] .
Scalar potential in N = 1 theory
In order to analyze the scalar potential in N = 1 theory, we should first write down a generic form of N = 1 supergravity [23, 63] and compare the one derived from the O6 projection [23] of N = 2 supergravity [21] in type IIA theory. A generic form is given as
where K is the Kähler potential, φ M are complex chiral scalars, V is the scalar potential given as
We should notice that the second term is formulated to satisfy the reality condition of the scalar potential. This form should appear when the complex forms of the flux variables are turned on [64, 65] .
Notice that f ab is the holomorphic gauge-kinetic coupling function. On the other hand, the fourdimensional N = 1 action truncated from N = 2 supergravity via the O6 orientifold projection (2.36) is given as [23] S (4) We also introduced another Kähler metric (K − ) ij and the intersection number K abc defined as
Rewriting the gauge-kinetic coupling function in terms of the period matrix, the scalar potential (2.43b) is described as
Now we reviewed that all the functions in the scalar potential V O6 are given in terms of the N = 2 language, in particular, the period matrix N AB , the holomorphic coordinates X A and Z I , and the prepotentials F A and G I . We apply them to the investigation of the flux vacua in the framework of the attractor mechanism.
Derivatives of scalar potential
As we have discussed, the scalar potential in four-dimensional N = 1 supergravity is given as
Now we search extremal points of the scalar potential given by ∂ P V = 0, with respect to holomorphic variables i.e., complex scalars. Before going to the specific cases in type IIA theory, let us first analyze in a generic way. The derivative with respect to such variables of the scalar potential is written as
where we used ∂ P W = 0 and a set of equations
Note that the superpotentials W and W carry the Kähler weight (p, p) = (2, 0) and (0, 2), respectively.
We should notice that this Kähler covariant derivative is the derivative with respect to the Kähler potential K = K ± + 4ϕ, which does not carry the property of the special Kähler geometry (of local type), while the one on the spacial Kähler geometry gives rise to D a D b W = (K + ) ab W.
In order to find an extremal point, we should look for a solution with satisfying ∂ P V W = 0 and ∂ P V D = 0 with respect to any variables. Fortunately we can find that the condition ∂ P V W = 0 is realized when the supersymmetry condition D P W = 0 with respect to any variables is satisfied.
The equation D P W = 0 is called the attractor equation in the supersymmetric attractor mechanism.
In a similar situation, the condition ∂ P V D = 0 could be understood as D α = 0, while we should analyze it carefully. If we can find a solution ∂ P V D = 0 with D α = 0, this solution is realized on a non-supersymmetric vacuum.
Attractor equations
In the previous section we analyzed various functions in four-dimensional N = 1 supergravity. In particular, we focused on the superpotential W, the Kähler potentials K, and the scalar potential V in the language of special Kähler geometry. From this section we explicitly evaluate the scalar potential and its extrema which give rise to vacua in N = 1 theory.
Since we study physical phenomenon, we choose a local coordinate frame of the special Kähler geometries M ± . Without loss of generality, we can set
It is common to fix the "unphysical" variable X 0 to unity, i.e., X 0 ≡ 1 in N = 2 and N = 1 supergravities. In N = 1 supergravity from type IIA theory compactified on a generalized geometry with SU (3) × SU (3) structure, the holomorphic scalar fields are described by the following variables through the supersymmetry truncations (2.36) (see also Table 2 as an analogy):
Notice that all the UǏ and UÎ , where the index I are split to I = (Ǐ,Î), are dynamical, since the unphysical Z 0 is compensated by the four-dimensional dilaton ϕ contained in C [17] . This implies that
On the contrary, we should notice that UǏ is truncated out.
So far the discussion is quite generic, i.e., we have not introduced any explicit forms of the prepotentials F on M + and G on M − , respectively. In order for a concrete analysis, however, it is much instructive to restrict the forms of the prepotentials under a certain consideration. Here we set the prepotential F [17, 23, 42] on the special Kähler geometry of local type M + in the following form:
Note that the prepotential F itself is defined in the N = 2 language, then the function carries all the N = 2 scalars X A = (XǍ, XÂ), while this and its derivatives in N = 1 theory have only the fields Xǎ. We should keep in mind that the expression (3.3) implies that all the α ′ corrections are neglected. In Calabi-Yau compactifications this setting is usual, while this is quite restricted in the case of compactifications on generalized geometry. This issue will be discussed in sections 6 and 7. We also restrict the sector given by another special geometry M − . For simplicity, we consider the single modulus case, i.e., we set I = {0} withǏ = {0} andÎ does not carry any degrees of freedom. This means that the remaining dynamical chiral/linear field is U 0 , and we truncate all ZÎ. Then all the chiral/linear field UÎ = ξÎ + iIm(CGÎ ) should also be truncated. Here we summarize the truncation:
Since Z 0 is absorbed into the dynamical field U 0 , we should treat this variable in a same way as X a in the prepotential F. From now on we abbreviate U 0 as U , for a simple description.
Before going to the computation of the derivatives, we prepare the following functions [42] :
5a)
Mǎ ≡ Dǎbč tb − tb tč − tč ,
Further we also introduce the inverse of Mǎb satisfying the following equations:
Derivatives of Kähler potential
Derivatives of the Kähler potential K, given in (2.38b), play crucial roles in the analysis of the attractor equations, since this function gives rise to the Kähler metric and its inverse, and the Kähler covariant derivatives. We should also analyze the dilaton (2.38d) in the same time. Computations based on generic forms of the prepotentials F and G are in appendix A. Before going to concrete calculation, let us again write down the forms with setting X 0 = 1:
Note that we sometimes interpret tǎ as tǎ. Then the exponent of the Kähler potential is given as
(3.8)
Let us here perform the derivatives of the Kähler potential K = K + + 4ϕ. It is obvious that K + and 4ϕ depend only on tǎ and U , respectively. The first derivatives of K are given as
Let us explicitly calculate the components of the metric. Because of the decomposition of the Kähler potential into the K + part and the 4ϕ part, we can compute them separately. Then the Kähler metric defined by the second derivative of the K are written down as follows:
(3.10a)
We can also derive the inverse metric (K) M N because the (K)ǎb and (K) U U are not mixed with each other [42] :
For later discussions let us prepare the curvature tensor. A generic form of the curvature tensor derived from the Kähler potential K is given as
Derivatives of superpotential
The superpotential (2.38a) is governed by the Ramond-Ramond flux charges and the (non)geometric flux charges. It is worth writing the explicit form with setting X 0 = 1 and Xǎ = tǎ:
For later convenience we also introduce another description:
We refer to W R as the superpotential in the Ramond-Ramond flux sector, while we call W R the superpotential in the (non)geometric flux sector governed by the (non)geometric flux charges. The former is often analyzed in the black hole attractor mechanism. Before going to the main calculations, we also prepare the following derivatives:
The Kähler covariant derivative acting on the superpotential is defined as
Notice that the contribution of the Kähler potential is different from the one in D a X A . Here let us explicitly write down the Kähler covariant derivative with respect to the complex variables tǎ and U :
We study the second Kähler covariant derivatives of the superpotential
For later convenience, we should calculate the first term:
Then the explicit forms of the second Kähler covariant derivatives are given as follows:
18c)
where Cǎbč is a totally symmetric Kähler covariantly holomorphic tensor on the special Kähler geometry M + . This tensor has the Kähler weight (p, p) = (2, −2). The reason why this object can appear is as follows: Since tǎ is independent of U , this does not affect to the four-dimensional dilaton ϕ. This indicates that the Kähler covariant derivative Dǎ with respect to the Kähler potential K = K + + 4ϕ
is reduced to the one with respect to K + . Then we can use a formula [66] 
We can also read information from the second Kähler covariant derivatives (3.18) at this point: 
Derivatives of D-term
The investigation of the D-term itself (2.42) including the gauge kinetic coupling function (2.45) is quite interesting. A non-trivial value of the D-term indicates the breaking of supersymmetry. Here let us again write down the explicit form:
Note that the indexÂ corresponds toâ, since the graviphoton A 0 µ is always truncated. We should keep in mind that Kâbč is a constant (see the definition (2.46)). It is useful to introduce the inverse Kâb which satisfies the following relation:
This is consistent with the expression of [(ImN ) −1 ]âb under the truncation (2.36b). Then the function µâ can be simplified:
Then the contribution of D-term is factorized in a convenient way:
(3.25)
The first derivative is not complicated:
Here we study the first derivatives of Kâb as well as the derivatives of Nâb. They depend only on the complex variables tǎ = bǎ + ivǎ:
We also study the first derivatives of µâ. This function depends on all the complex variables:
Then we obtain
Since there are no contributions of mâ 0 and q 0â to the scalar potential V W , we can evaluate the extremal point of V D independently. If we consider the flatness condition ∂ P V D | * = 0, we immediately find that
is the solution at the extremal point (tǎ, U ) = (tǎ * , U * ). This implies that the D-term itself does not break the supersymmetry and the scalar potential V D itself vanishes at the extremal point. Then we understand that we just focus on the scalar potential V W in order to analyze whether the supersymmetry of the effective theory is broken or not. Finally we rescale all the flux charges by integer 2, without loss of generality.
To find a supersymmetric vacuum at the extremal point, we should analyze the value of the superpotential W and its Kähler covariant derivatives. Let us first consider a simple case as an example. Suppose we introduce an ansatz that the equation (3.21b) vanishes while (3.21c) provides non-trivial relation: In a generic configuration which we investigate in this section, we go beyond the above simple case.
We can also study a solution without imposing the vanishing condition (4.1). This case corresponds to the non-BPS black hole attractors. Here let us briefly see the scalar potential: IV . If D U D U W| * = 0 and D U DǎW| * = 0, the following conditions should be realized: W Q * = 0, DǎW Q | * = 0 and DǎW R | * = 0. However W R * can be set to zero if ReU vanishes. There still exists a solution in the supersymmetric AdS vacuum. This is same as the solution that the black hole is non-BPS with non-vanishing central charge. This has also been well analyzed [42] [43] [44] [45] [46] [47] [48] .
We investigate the equations (3.20) and (3.21) . Here we consider a simple model with single modulus, i.e.,ǎ = 1. Due to this, various functions are simplified:
where we set Dǎbč = D. Then the equations (3.20) and (3.21) are also simplified:
Here it is worth writing the superpotentials W R and W Q (3.14):
For simplicity, we assume that m 0 R and p 0 0 are positive and D = 1. If we want to recover the explicit contribution of D, we replace (m R , m 0 R , p 0 , p 0 0 ) to (Dm R , Dm 0 R , Dp 0 , Dp 0 0 ). It is useful to consider the discriminants of the Ramond-Ramond superpotential W R and of its derivative ∂ t W R :
The discriminant of the Ramond-Ramond superpotential plays a crucial role in the classification of supersymmetric flux vacua. Using the above two discriminants, we classify possible solutions. It is also useful to discuss the discriminants of the superpotential in the (non)geometric flux sector W Q and of its derivative ∂ t W Q : The strategy is as follows: First we investigate the Ramond-Ramond superpotential W R by using the discriminants ∆ R and λ R . Second we analyze the superpotential of the (non)geometric flux charge sector W Q in terms of the discriminants ∆ Q and λ Q and classify consistent solutions. Third we evaluate possible supersymmetric vacua which follow the equations (4.4).
Superpotential in the Ramond-Ramond sector
In order to show a typical phenomenon in the flux vacua attractor equations in the presence of the (non)geometric flux charges as well as the Ramond-Ramond flux charges, we assume that m 0 R is a positive definite value. First we look for the point satisfying D t W R = 0, next we study the condition that W R = 0 is realized by using the discriminants of ∆ R and λ R in (4.6).
Solutions of D t W R = 0
We formally describe a solution of D t W R = 0 as follows:
The superpotential at this point is also given as
These expressions are quite sensitive to the sign and the zeros of the two discriminants. Now let us consider various cases respectively.
When the discriminant of the superpotential ∆ R is positive, the discriminant of the derivative of the superpotential λ R is always positive. Under this condition we find that the expression t * (4.8b)
becomes a solution of the equation and that the superpotential does not vanish:
Here we chose the minus sign in the form t * in order that the Kähler potential K + is well-defined.
In the case that ∆ R vanishes, the discriminant λ R is non-negative. However, if this is zero, the expressions t * (4.8b) and the superpotential (4.8c) are divergent. Then the case of the vanishing λ R is forbidden. In the case of positive λ R , the expression t * is reduced to a real valued solution and the superpotential W R * vanishes. Even though this point is well-defined in mathematical sense, it should not be chosen as a point to realized a finite supersymmetric solution, because the curvature tensor goes to infinity:
(4.10)
Thus we should conclude that if the discriminant ∆ R vanishes, there are no physical solutions.
In the case that ∆ R is negative, we can immediately find that the expression y * in (4.8b) becomes ill-defined. This implies that there are no consistent solutions of the equation D t W R | * = 0, even though the discriminant λ R is not restricted. Since the expression (4.8b) is meaningless, the expression (4.8c) also loses the physical meaning.
Solutions of W R = 0
Next we look for consistent solutions which satisfy the equation W R * = 0 at the extremal points. In this consideration it is also quite useful to classify the physical condition by means of the discriminant of the superpotential ∆ R (4.6).
When ∆ R is positive, there are three distinct real roots of the equation W R = 0. Then the superpotential and its Kähler covariant derivative are rewritten as
The roots e i are related to the Ramond-Ramond flux charges m 0 R , m R , e R and e R0 as 3m R = m 0 R e 1 + e 2 + e 3 , e R = m 0 R e 1 e 2 + e 2 e 3 + e 3 e 1 , e R0 = −m 0 R e 1 e 2 e 3 .
(4.11c)
We can find that a non-zero value of the covariant derivative at the points t * = e i . For instance, the
This value itself is finite. However, the Kähler metric and the curvature becomes singular (4.10). Then we cannot choose the zeros of the superpotential as the attractor points, even though these points satisfy the condition of the extremal points in mathematical sense.
When ∆ R vanishes, λ R is non-negative. When λ R is positive, the equation W R = 0 has two coincident roots and a distinct root. If λ R vanishes, the three roots coincide. In these cases the expression of the superpotential and its covariant derivative are
(4.12b)
The relations among the flux charges and the roots are
We can easily find that the covariant derivative of the superpotential vanishes at the points t * = e i :
This value itself is finite. However, the Kähler metric and the curvature become singular in the same reason as the case in ∆ R > 0. Then this extremal point is not realized as the attractor point.
If the discriminant ∆ R is negative, the equation W R = 0 has one real root and a pair of complex conjugate roots. Then the superpotential and its covariant derivative are
The roots e 1 and α are described in terms of the flux charges as
The solutions are explicitly described as follows:
Note that F = 0 is forbidden because the solution t * goes to infinity. In order that the above expressions realize a solution of W R * = 0 and D t W R | * = 0, the square of the imaginary part of α should be positive definite:
Note that we have assumed m 0 R > 0. If the discriminant for (Re α) in the left-hand side, which is nothing but λ R , is non-negative, there exist the following points where (Im α) vanishes:
However, this is inconsistent with the condition ∆ R < 0, that gives one real and a pair of complex zeros. Then we find that λ R < 0 is a necessary condition to obtain a solution of W R * = 0 with D t W R | * = 0.
Since the root t * = e 1 gives singular curvature, the consistent solution is given by t * = α, whose real part and the imaginary part are defined in (4.15) , under the condition (4.16). If any one of the conditions in (4.16) are broken, then the solution (4.15) does not yield a consistent solution. In this situation we should find a solution of W R * = 0 and D t W R | * = 0.
Superpotential in the (non)geometric flux sector
Next we investigate the features of the superpotential in the (non)geometric flux sector. Since the form of the function W Q itself is quite similar to the one of the function W R , we can evaluate this sector in a parallel way as the previous subsection: First we look for the point given by D t W Q = 0, next we analyze the condition that W Q = 0 is realized by using the discriminants of ∆ Q and λ Q in (4.7). Here we assume that p 0 0 is positive.
Solutions of D t W Q = 0
Let us investigate the consistent conditions to satisfy the equation D t W Q = 0. We formally describe a solution of D t W Q = 0 as follows:
The consistency of the above formal expression is evaluated in terms of the discriminants, as in the previous subsection.
When the discriminant of the superpotential ∆ Q is positive, λ Q is always positive. Under this condition we find that t * (4.18b) becomes a consistent solution with non-trivial superpotential:
Here we have already chose the negative sign in t * to realize a well-defined Kähler potential at the solution. We find the the Kähler metric is non-degenerated and the curvature keeps finite.
If ∆ Q vanishes, λ Q is non-negative. However, if λ Q is zero, the real part of t * (4.18b) and the superpotential (4.18c) are ill-defined. Then only the positive λ Q is allowed. In this case, the expression t * is reduced to a real valued solution and the superpotential W Q * vanishes. Even though this point is well-defined in mathematical sense, it should not be chosen as a solution to realize a well-defined supersymmetric solution, because the curvature tensor goes to infinity. Thus we should conclude that there are no solutions of D t W Q = 0 if ∆ Q vanishes.
In the case that ∆ Q is negative, we can immediately find that the expression y * in (4.18b) becomes ill-defined. This implies that there are no consistent solutions of the equation D t W Q | * = 0, even though the discriminant λ Q is not restricted. Since the expression (4.18b) is meaningless, the expression (4.18c) also loses the physical meaning.
Solutions of W Q = 0
Next we look for consistent solutions satisfying the equation W Q * = 0 at the extremal points. In this consideration it is also quite useful to classify the physical condition by means of ∆ Q (and λ Q ) in (4.7).
When ∆ Q is positive or zero, there are no consistent solution to realize a supersymmetric vacuum as in the same discussion of W R = 0 in the previous subsection. Then we just focus on the case of the negative valued ∆ Q . In this case, the equation W Q = 0 has one real root and a pair of complex conjugate roots. Then the superpotential and its covariant derivative are
The roots e 1 and α are described in terms of the flux charges as 3p 0 = p 0 0 e 1 + α + α , e 0 = −p 0 0 e 1 (α + α) + |α| 2 , e 00 = p 0 0 e 1 |α| 2 .
(4.21)
The solutions are explicitly described as follows: Note that F = 0 is forbidden because the solution t * goes to infinity. Since we have already assumed p 0 0 > 0, the following inequality should be satisfied:
If the discriminant for (Re α) in the left-hand side, which is nothing but λ Q , is non-negative, the following values make (Im α) vanish:
However, such a situation is inconsistent with the condition ∆ Q < 0, which gives one real and a pair of complex zeros. Then we find that λ Q < 0 is a necessary condition to obtain a solution of W Q * = 0 with D t W Q | * = 0.
Then the consistent solution is given by t * = α, whose real part and the imaginary part are given in (4.22) , under the condition (4.23). If any one of the conditions in (4.23) are broken, then the solution (4.22) does not yield a consistent solution. In this situation we should find a solution of W Q * = 0 and D t W Q | * = 0.
Supersymmetric vacua
Combining the previous results, we can discuss the possibility of consistent supersymmetric flux vacua.
There are no solutions which yield an example of supersymmetric case I . We cannot explicitly show an expression of solutions corresponding to the supersymmetric case IV , because it is too hard to solve the inequalities. Let us briefly consider the supersymmetric vacua in the case II given by the conditions ∆ R > 0 and ∆ Q > 0, and the case III by ∆ R < 0 and ∆ Q < 0, respectively.
In the case II , we have obtained the equations (4.9) and (4.19):
Note that we chose the minus signs in t R * and t Q * to obtain a consistent description of the Kähler potential K + . Since these two solutions t R * and t Q * should coincide with each other, we find a nontrivial relation among the Ramond-Ramond flux charges and the (non)geometric flux charges:
We can fix (only) the real part of the variable U * by
The cosmological constant Λ = −3 e K |W * | 2 contains the imaginary part of the variable U * , which is not fixed by attractor equation. However, this does not explicitly appear in the description:
where we used M * = D(t * − t * ) 3 = −8i(t Q 2 ) 3 with setting D = 1. The denominator Re(CG 0 ), which should be non-zero to realize a well-defined Kähler potential (3.8) , cannot be fixed by the equations.
Then the cosmological constant is always negative valued. Then a supersymmetric AdS vacuum is realized. Actually, the stability of the system has already been discussed by [70] in a quite generic form, where all the mass eigenvalues satisfy the Breitenlohner-Freedman criterion [71] .
On the solution of the case III , we can see a non-trivial relation between the Ramond-Ramond flux charges and the (non)geometric flux charges via the equations W R = 0 and W Q = 0. The former gives a solution t * = α R (e R0 , e R , m R , m 0 R ) in (4.15), while the latter yields t * = α Q (e 00 , e 0 , p 0 , p 0 o ) in (4.22) . These two solutions should coincide with each other:
We can also fix the variable U in the following way:
where we used ImU = 0 because of the finiteness of the curvature tensor R U U U U . The above set implies that the variable U is completely fixed with a simple setting of the prepotential (3.3). The vanishing superpotential yields the zero cosmological constant. Then a supersymmetric Minkowski vacuum is realized. This configuration is interpreted that the compactified geometry is reduced to a parallelizable twisted torus [13] . This could be connected to a generic configuration of the O6 orientifold oribifold tori in type IIA theory discussed in [72] .
The solutions we discussed above are governed by the Ramond-Ramond flux charges as well as the nongeometric flux charges. We cannot apply them to the systems in which some of them are absent from the beginning. We should investigate such cases individually. In next sections we study the configurations with (1) 
Example 2: a model without Ramond-Ramond flux charges
This is a reduced model compactified with a generalized geometry with an SU (3) × SU (3) structure in the absence of the Ramond-Ramond flux charges. In this model we set e RǍ = 0 and mǍ R = 0. Then the total superpotential W and its covariant derivatives are reduced to as follows:
We imposed Im U = 0 to find a solution with finite curvature tensor. In the supersymmetric solutions, the following equations should be satisfied: 
3d)
ReU * = 0 . (5.3e) Note that we have already set the intersection number D to be unity in the same way as (4.3). Then we also chose that t 2 = Im t is negative in order that the Kähler potential is well-defined. We can fix the imaginary part of U if and only if the condition D U D U W = 0 is additionally imposed. The scalar potential at this point is described as
In this model the attractor equations (5.2) can fix only the real part of another variable U , while its imaginary part, is kept unfixed. Due to this the value Re(CG 0 ) is also unfixed, even though we choose a certain form of the prepotential G. The only one condition is that this value should not vanish in order to realize a well-defined Kähler potential (3.8) . This situation is similar to the one in the flux attractors in type IIB theory, where the axion-dilaton τ = C 0 + ie −ϕ cannot be fixed as far as we discuss in perturbation theory.
Summarize this model. We obtain a solution to realize the supersymmetric AdS vacuum whose cosmological constant is given by (5.4) in the compactification on a generalized geometry with SU (3)× SU (3) structure carrying the nongeometric flux charges without the Ramond-Ramond flux charges.
6 Example 3: models on SU (3)-structure manifold in the absence of
Ramond-Ramond flux charges
This is a reduced model compactified with a generalized geometry with a single SU (3)-structure in the absence of the Ramond-Ramond flux charges. This is analogous with the case in heterotic string compactified in the presence of H-flux 9 . In this model we set
Then the total superpotential W and its covariant derivatives are reduced to as follows:
2a)
W Q = −e 00 − e 0ǎ tǎ , (6.2b)
Let us consider the case of supersymmetric flux vacua satisfying D P W = 0 with ∂ P V = 0. In addition, we also investigate the possibility of the consistent non-supersymmetric vacua D P W = 0 with ∂ P V = 0.
Supersymmetric vacua
In the supersymmetric solutions, the equations same as (5.2) should be satisfied. We again impose Im U = 0 to find a solution with finite curvature. If ReU vanishes, we need not find a solution which satisfies W Q = 0.
single modulus model
For simplicity, consider the single modulus model. This case the covariant derivative is reduced to
Then we find
where the right-hand side is a real number. This implies the solution t should be real, while this is forbidden because the curvature becomes singular at that point. Thus we find there are no consistent solution which satisfies D t W Q = 0. In the same way, we also find that there are no consistent solution of W Q = 0 because W Q = −(e 00 + e 0 t 1 ) − ie 0 t 2 can be zero if and only if t 2 = 0, which gives rise to the singular curvature. Then we conclude that there are no supersymmetric solutions in the single modulus model.
stu-model
Next we study the stu-model. This model is given by the following form of the prepotential:
We set X 0 = 1. Then the superpotential W Q , the Kähler potential K + , and other functions are described as follows:
W Q = −e 00 − e 0s s − e 0t t − e 0u u , (6.6a)
, (6.6e) D s W = U s − s e 00 + e 0s s + e 0t t + e 0u u , D t W = U t − t e 00 + e 0s s + e 0t t + e 0u u , (6.6f) D u W = U u − u e 00 + e 0s s + e 0t t + e 0u u , (6.6g)
We should notice that u differs from U . Expanding s = s 1 + is 2 , t = t 1 + it 2 and u = u 1 + iu 2 , we rewrite the supersymmetry condition as follows:
The solution is given as −e 0s s 1 = e 00 + e 0t t 1 + e 0u u 1 , t 1 , u 1 : unfixed , e 0s s 2 = e 0t t 2 = e 0u u 2 = 0 . (6.8)
In order to obtain the finite curvature at the solution, we should impose s 2 = 0, t 2 = 0 and u 2 = 0.
This gives e 0s = e 0t = e 0u = 0 and then e 00 = 0. This indicates that the solution is given by a Calabi-Yau three-fold in the absence of fluxes. In such a configuration the superpotential W Q becomes trivial.
Thus we conclude that there are no consistent solution to realize supersymmetric flux vacua in the stu-model. Then we apply the above calculation to a generic multi moduli model and we also find that there are no consistent solutions to realize supersymmetric flux vacua with finite curvature.
Non-supersymmetric vacua
In this case we should solve the second differential equation ∂ P V W = 0.
single modulus model
First let us again consider the single modulus model, for simplicity. In this case the functions are given in (4.3) . Then the first derivatives of the scalar potential ∂ P V W are described as follows: nor the nongeometric flux charges in section 6, we introduce a deformation term in the prepotential F in the following way:
where F(X) is a function which also satisfies a generic property of the prepotential, i.e, F(X) is a holomorphic function of the projective coordinates of degree two. Here we just focus on the single modulus model, in which the prepotential F and the functions induced by the prepotential are described as follows:
Now we introduce the following form as the deformation:
where N n is a complex constant. We see that this satisfies the generic property such as F = 1 2 X A F A and F A = X B F AB . Using the expression (7.3), the functions N and ∂ t N are described as follows:
Then the derivatives of the Kähler potential are modified as follows:
Especially, the derivative ∂ t N plays a crucial role in the restoration of consistent solutions.
Supersymmetric vacuum
Here we analyze a case with higher-order corrections of the prepotential F. For the minimal setting we impose N i = 0 with i = 1, i.e., we introduce the deformed term F in the following form:
Then the function N and its derivatives are described as
This setting gives a consistent solution which satisfies D t W Q = 0: 
Due to the condition ImN 1 < 0, the above value never vanishes and this value becomes the negative cosmological constant. This is nothing but a solution to realize the supersymmetric AdS vacuum in the compactification on the SU (3)-structure manifold carrying neither the Ramond-Ramond flux charges nor the nongeometric flux charges.
We also find that this scalar potential and the curvature tensor go to infinity when we take the limit N 1 → 0 which means that the geometry is reduced to a torus (or a parallelizable torus discussed in [13] ). The reason why there are no consistent solution under such a limit is that the geometric flux charges deform the geometry as a back reaction, if there are no other objects which absorb the effect of the geometric flux. Thus we cannot find any consistent solutions in the previous section, where we did not introduce any back reaction into the prepotential.
Finally we consider the realization of the Minkowski vacuum in this model. Because the cosmological constant is given (7.9), the Minkowski vacuum does not appear at the extremal point. However, if we take the vanishing limit e 0 → 0 with keeping the ratio of charges e 0 /e 00 finite, the solution given by the functions in (7.8) is still well-defined and the cosmological constant approaches to zero, i.e., the supersymmetric Minkowski vacuum is realized in the limit. In the theory compactified on the SU (3)-structure manifold, the torsion is assigned by the charge e 0 , while the NS-NS three-form H-flux is governed by e 00 . Thus the above situation indicates that the magnitudes of the torsion and the H-flux are balanced, while the magnitude of the torsion itself approaches to the small limit. For example, in heterotic flux compactification, the supersymmetric AdS vacuum is given by the non-trivial contribution of the H-flux as well as the gaugino condensation, which appears as the torsion on the compactified geometry and generates the negative cosmological constant [?,27,29-31]. Then the above limit is understood that the magnitudes of the H-flux and the gaugino condensation are in the same order while we take the small limit of the gaugino condensation.
In this section we investigated only the single modulus model. It can be applied to the analysis to the multi moduli model in a parallel way.
Conclusion and discussions
In this paper we studied supersymmetric vacua in four-dimensional N = 1 effective theories derived from type IIA string theory compactified on generalized geometry with SU (3) × SU (3) structure.
We started from the generic form of the scalar potential in N = 1 supergravity, which contains the superpotential and the D-term. The superpotential is built with two functions; the one carries the Ramond-Ramond flux charges, while the other is described by the (non)geometric flux charges.
To make the discussion clear we focused on the single modulus model with the prepotential given by the intersection number in the same analogy as the model compactified on Calabi-Yau three-fold in the large volume limit. There we obtained two supersymmetric vacua classified by means of the We should also consider the models with more generic form of the prepotential. (iii) The Bianchi identity of the fluxes should also be discussed to study the consistent configuration of D-branes and orientifold planes wrapped on the compactified space [13, 15] . (iv) Duality transformation in the generalized geometry would be crucial when we study the meaning of the nongeometric fluxes in a more explicit way [20] . We should study this issue in collaboration with the investigation of doubled space formalism [58, 59, [74] [75] [76] [77] [78] [79] . We should notice that it is easy to calculate (A.6a) even in a general form, while not for (A.6b).
The reason is that we should solve Im(1/GÎĴ ), which differs from [(ImG) −1 ]ÎĴ . The equations (A. 6) also indicate that the prepotential with mixed indices vanishes GǏĴ = 0. This implies that GǏJK also vanishes, i.e., there are no terms with mixed indices:
∂ e UĴ GǏ = GǏĴ = 0 , ∂ e UK GǏJ = GǏJK = ∂ UǏ GJK = 0 . (A.7)
